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PROBLEM TO BE SOLVED: To provide a reusable PTC composite material which has a low 
room- temperature resistivity, a transition temperature of <200° C, and a high heat resistance 
and causes large resistivity jumping at the transition temperature and a low power loss. 
SOLUTION: This PTC composite material contains; (i) a matrix of a ceramic material having 
either one of a cristobalite crystal structure to which with the oxide of at least element 
selected from among Be, B, Mg, Al, Ca, Sc, Ti, V, Cr t Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, and W and a 
tridymite crystal structure, and (ii) a conductive phase containing at least one kind of metal, 
silicide, nitride, carbide, or boride and scattered through the matrix. 
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IPS] ffl^MiSJSfii^ IS^iaKT'O^^^^ 

[&¥ife#8] (i)Be.B.Mg.Al,Ca,S 
c. Ti. V. Cr.Mn, Fe. Co. Ni, Cu, 
Zn. Ga, Ge. i>J:tfWcD3 *><9iJ»5:< fc t — 

KfHlr?ffiliii3*i&? y x i-A^-f h&fifgiii h y 

vh'J 'i-m. ( i i ) US"? b y -/ 7*:£fW;r#ifc 
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[ff^JBl] Be.B.Mg.Al.Ca.Sc.T 
i . V. Cr. tin, Fe. Co. Ni. Cu, Zn, 
Ga. Ge. RVVtOo 1 1>— ?tfD&ft;?5!l£ 

aawLJt^ y* Msjuffist: f y s^-f msa 
mmcDo v u y ^xttmt . twte-? 
h y -y mie^mffl 

3 ^OiKK t fc— PTC#?». 

[ti^«2] BtriE-?hy y^^Wfi* 5 . 

-<hfflAlP0 4 . hOW4 hfflA 1 PC^O-j^O^ 
3: < 1 1 1 1 £Ett*> PTCflS. 

[|f^^3] mrie»«o<E^jaK* I 2oo-cjjiTT$> 

[f»#JS4j filie-7hy y^^O. lt^%~-2 0 

^;p%<ol?12Kft;!i)-cm!ioSii3ti»^ l -3©v>fh 
[fS^«5] 2 5 O^KfcWSft^JBafi^**. 3 0 

m i ~ 4 cov ^-ma^-JiKiaatf) ptc^. 

lt*fl 1 — 5 *>V ^)6»-«t=iBtt<0 P TCttfJ. 
Cf££JS7 ] Ti.Zr.V.Nb.T 
a. Cr. Mo. W. C oti XX/F e1?h&i.&?>\>— 7 

fiCDPTCW**. 
[1^318] mW&tf. Nb. Ta. Cr. Mofc«fc 

[Sr&fl9] IS»ia«tciifti.B5ie»fk7)frSP5SA 5 
0. 2%~1. 4%TA*«^1— 80Wfrt.*»— JB 

KiessoPTctm. 

[it^s i o ) BjiHS®s# i o~4 5vm%<r>mx 

[fi^^i 1 1 rniEiHOWT i o 2 ta-pT. t i 
Oj*<2~6 *ju%<7>m.-rfp£t&m#m l-iocowf 
n^-^cfse^PTctt^. 

•c. ^y^x^^B^^i—s^^^a-e^^ttsia 

[i££«i3] tiraPTc»m^^<ti,i-o^ 

a**-? h y -y ? xtt&bmmsSLm:*tim& 1-12 
wvrna^^ciE®<oPTc$m. 
[it^is 1 4 ] iMnm#*<3 0-9 o#s%<o* 

-C£fl£-rSI»*JBl 3fcfESic7)PTC*m. 



[«^«l 5] KifESmj&ft**. Co. Cr. Fe. 
Mo. Nb. Ni. Pt. Rh. T i . W. Zr&Xtfi 

c:*i.£><7)-£&a>£>i£& ?tv- 7frt>mSiZ1xt:'J?%< t 
tUTCfeSft^JSl 3^fe{±14t=feK^PTCtt 

[fi^H 1 6 ] mzti&m&omz-? h y -y ?xtm 

^B^tePTC^cOBtrlEvM; -y fitTS)* 
It^l 3~1 5<9Vv«xa>- *£ESfte>PTCtffl. 

C0J1$C0 5 0%JilTT*2.i»^l 3~1 605WfflA> 
-JlCEt^PTCOT. 

[ nasi 1 8 ] mmwaifm^ix^mm tt-rz 
m$mi-^i 7cov^-rn*»— 3H^ieacoPTc««. 

1. O^mtfOKffllC^&iS^iai 8(Cf£KOPTC« 
[000 13 

[&H8tf>Jg-t6#tfrfrfn 

■Ti.maaaKSP n D p=SrifT^f5fcrffiffl$fi*PTC ( tje 
c 7 )J£i5tiiL!3S{S$t (positive temperat 
ure coefficient of resist 
a n c e ) j ) &£&miZffli-& . 
[0002] 

[0 00 3 3 St,i<»I^'C^i.PTC«?t{i. « 

* y -jSCffltt & +9 V V AM 

•y ?*«fir5P TC^Htt t ^-f 7-<0!»ttSr*i-C t# 

[0004] mm . fe&fci: L-tssirr-s^Btt^ 
D7- (wii<f^yxf-^v) t^^yv-vhyy 

^StffiV^ffl (3 Ot:) mSUgfffSr^L. ffij*«c-^ 

jg-rsfc. te B B att^y-7-iiS!iwtcB}5S-rs. 

^y"7-*-csmgB^j£u-cos^mttew 
*y-?-oa^ag-c5v^#ig;xft. ^mMKtsOTr 
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i^tftliPTC^i: LX<omm (PTCf 

[0005] l*>u wzmft&v -?-3rkWgtS 
®z p Tca^^v h y y >?x t Lx&m-tz t . 

£j^ < rk# f T*# : S:^kV>3raK#£.t.&. «!3fc<7)5KU 

[0006] 535. ?yxW<?>f h=fir y 

colzas (-*-&jb^> h 'J -y Tj^aK) 142 0 0X:£jg 
[0 0 071 

iagTco±§^fiet^^^ vr. 200 •c5fes<o«»ia 
iearPTca»«stii(iw-4iktej»»i,fc. 

[00 08] 

[!?®£M&-r&*:i6co*K] *»&fc:J:*i|*, 
(i ) Be. B. Mg. A 1 . Ca. Sc. Ti< V. 
C r . Mn, Fe, Co. Ni. Cu. Zn. Ga. G 

et5±VW<7)o1?ffyJ>-*< t i>-^><rmim*miLK. 
*>o— -fe 7 5 y ? tffkov h y y ? * fc . 

( i i ) f&iffvi- y -/^AtffttMsnft^tia** 

8*WiiK«i*. tfrie-fe^s ?yxw< 
hffisiOj. by ^'vf hfis io,. 

7-fMBAlPO,. h'Jy?>fhfflAlPO ( »H« 
loTa*£i:jWff*U». 
[0009] 5fetC^ff fcttf^-? MJ >y ? 
L < « 0 . 1 =£/U%— 2 0 ^^%45^p-r h fc . 

(-«:*>*> h 'J y rAiSft) #2 0 OiCteTRD 
WVl^TiSTU ^aStfi*<±l£2cm*S|t 

j h y •yTjSiaST*<^5E*0*i 

*> <4^<t*.10fiSft^O. ff£L<l4iKr<fci 
10 0f&. <k>?J!f*L<»±^$:<fcil00 0f&. St, 
#aL<<£^=5:<fckl0O00f&fc$:& <v*<oa«fj 
^-*T'U;10»<&lck$rS) . 

[ooio] p Tc*m<o&mffiti-&£. fr^tt 



«*^SS?$fl^f4^^©Sr fc £ . ffi L»*tttm 
ti. Ti. Zr. V. Nb N Ta. Cr. Mo.W. C 
ofcitfFe^^ftftTJoS. Cl^cO«1EK±PTC 

«^»*^£^££8ft?-&;ttoT*£>S. Mo. T 
a. W. Cr&iVKb<?>7~4ttM±. itSiac02&+T 

[ooii] is^«fi«4'^#tsffl$-^-ri.?isttm 

^C0T^S»45 — l 00^mT-J>&Clt*W^t<. 
2 0-6 0/zmTJ>5kJ:'3»* U>. T^SS* 5 5 m 

~t&Zimi/ : $> *) . h 'J y r^tiaJKT^ffitit*^^ yr 

mSrffi^&^-tti. v b y y 9 Ammtmnfiiomo 
[0012] s h t= . ttft^vmm 

46 fctt, PTCS^«!Rt7)ffl^afJg^9 0%JiJi-r*|. 

c: k#»^ Lu. -7 h 'j -y ^xtf tiHltfo§vja?:S-rc: 

•y r^iSK T<7>$m<5D®3g# 0 . 2 1 . 4 % ( ffcR 
%) TftiCIk^ifiL,^. «c»P56*«0. 2%*S!T- 
a^-WISKi. h y •yT-^aST'-HJ-^rSjEfi^ 

ti* . h y -y ^ x k smffl<?>»ffl-e<7>js^^i*>-«-& 

[0013] $ £>fc. «^ff*kO«©f 
lz$ttihmi>Mfi.V>i&^#mc7)m£.J; *) fc t 

o-r&ztizx-ix. mmazmfcTzmmimTcoft 

lzjm&WM<omt$limf&.Zti. LtztfiXHtlittm<7)7£ 

mffi&tfJM(,zi&T-*z&*titfh&. mm 
u/^sst4^-*<-7h y -y?;*a^smt«-f »Tfgtta<* 

[0014] ^^jo^teit^B^iD^tca 

5riKBH$-jRftiaSk k UzmfetitzW 
[0015] 
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<»s^ < a? y*w<?>r hfflsio,. h 

iJ^hflSiO,, ?VXY*=y4 ffflA 1 P0 4 . 
h'Jy'v-f hfflA 1 P0 4 c0-p*><01o) SrWfS-fe5 

c o o 1 6 ] *%m± , fr^ov m)7? x*m-cjg 

■? 1- U * ?x*m»±. M&^mffi*mi: 

msSttSiafcfe ig-&««^rtaKaK#T h y >y 

ZiUz X -ptg^WHIiP.TCfi?:^ J; 5 tc$r£. 
[00 17] ?yxW^7'fh-?h i ;'y^ViS 

^ <*^£tt<0#H#fFtiJliSg 0 9/0 3 5 0 7 4^(C 

tltt. ZWhV vfXffiHZ. Be.B, Mg. A 
K Ca, Sc. Ti, V, Cr, Mn> Fe, Co. 
Ni> Cu, Zn. Ga„ i5 it/Ge<*)3^>G*>4>5r< i; 

t,— ?<?)Sift;^»*L<»io. i*/u%~2 0 ; &;w% 

Jg£ 1 3 0*0-1 8 0*C£T»f (SfSsSllO? 
4 hfflS i0 2 fcJ;!/il^jD^y^h^*7^ MBA 1 
P 0 4 <0fflrfi^jaa , ±-eiT.^iTj ! j2 4 5"CiJ itf 2 2 0 
•CTfcS ) . h- y >^ h^SE^iaKSr 1 1 0X>- 1 5 
0°CtcW& (*l^8ll<!0by hffiS i OjtJJ:^ 

•Fti^isoicfeii^ieo-cT'&s) SftS*** 1 ). L 

1 . b$sxx/wx-$>&. &t u*«£-ttfK±. 2-6* 

/U%WTi0 2 £S!^L*:?yxW\'^ hfflSiOj. 

Kjwo,. cswo,it') SraaraL^byi''^ hffl 
SiOj5-£tr. 

[0 0 18] ^hyy^Xtt-MtCittS^Hlli^O. 

i*/p%~2 0^%T&&£fc#iif*U">. mafflw 

w&mmib a 0 fir l&v ■> . sssnstf 2 0 *m 
z sm&tat* Tin-? h y -y ^x»s<oeafflSr«j#-r 



ttim&nmiztimmimkmiktzm'vkti^x. 
m<m. mm. wsmm. mm±tz\m®&<mmx- 
mamzmbv*zzktfT$&. w^mrntLxmrn 

tf>. ^y/WKi^KNajWO,. K 2 W0 4 . 
Cswo/jri') X-WfaL%iftitf%e>&\ 
[0019] ULhCi^Jtv r y -y ry-XttfiU^^ft. 

S iOjTttl 7 3 0-C) „ Lt:tf->X. fi^StffTS 
fflSixS^y^-^h 'J y^X^Jt^ffi<TJt!Hl»1tSrW 

j£3-£S.Ifct>T#S. ma^'MW^'f MBS i 
0 2 J±. tti&i&X-mi-t&ZkizX-ixnzZktf 

ft-f 6 T^* U fc'±7 'MH y ±JI^^O?RtTT 
^^fia-C-fliiM-rS ZtizX-oX t>f§* ; k^T-^ 

[0020] ^mffite. ffitSfrT*>& v h v?XW. 

mzmn.imT i m*. zztiz*^ xmatf®*iz£s&. 

H1x&. m^mLTilK Ti.Zr.V. Nb. Ta, 
Cr, Mo. W. CotoXXSFeWlrJttMlZ-tttZb 
i)W£L^. PTC«?Scomiaffi«L^S-l. OficmH 
TtcL. Ltitf-?XPTCttmcr>nJjm&;$:Wz.tttb 
IC«. ^m-Sa-^^fflSia^* 1 1 O-aacmETF-eS: 
ttftlft^^rV^ Lfe^-5-Cl 0- 3 Ocm^j@x.**£ia 
, *ffcBB<7) P TC««co^S1tS 

[0021] ^mttS^T^eSJi 5- 1 0 0 m m 
T2b&Ci:* 5 ff^L<. 20—6 O^mtWtiOlS 

*lv\ m-£ttm<7)mi§&tmtt-\-mz& < l . 
o h y -y r^fflSTofitt^^'-v vr ?r-h»-^^ < ti 

^-Sfc»t:«±. ^StS* 5 ^ < t h 5umT$>ZZ 
b ifiWJgX'h h . SSttS^WF^tiS* 1 1 0 0 /i m 

m t h&siza. -?h>)y?Ab mw&<rMvmmr> 
Ltzifi-ox. m%mk^<w*m&ifmz?h 

[0022] n£&f&&mizm-zmmtm¥<r> 
wmti 1 0-4 svmxtzvm-thzt {,mmxs> 
t. mwst$&cr>vm)!& 1 o%x *)t>&<-rzt. m 

■t&t. hv-y y-&m&x^istt®<pcom-mz-ft8rt 

&ZkiimL<%&. Zc7)Xo%®-&lz\i. \lkA,k'<?> 
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C o o 2 3 ] SnxS^miSa^MJi, v b y y ?x 
®mim.¥e>mj)spTcm£ttn<r&ti:fs<02 5-4 0 

»a%T'fc S Z b #i? £ L < „ iSttSf<OfltitSi« 
5-5OwmT*&t#t:li20->-35%t*4it* { 

[0024] ir-am^mw&wf-b Lxim-r & fc 

PTC#Ofl.®l=fcJX/*ff(t^t£*1g-&m«SJl 

*fm*s£tarajK#£*tr. m^mmiawho y? 

OS-XV-y^-fcR&Ot*^ PTCfltWhU y?Xfc|§] 
ti. Co, Cr, Fe. Mo. Nb, Ni. Pt. R 

[0025] ^Sffi^ii. S£-mflittiEkO£*?> 3 0 
~9 0««%i:-»-«.. 3 0ttcfg%«kyt>^5:<-rSi1S 

i$mmttm<r)igmmz?F+ft t % s . v »- y -y ? x 

m«fcf0l*P5g£-f-OT«0 P T C«woM|@3gfcjg< ittSf-f 

^mK^^-g-saiogoftsij^^siT^ 

[0 0 2 6] 1S^mfiiOJ??{iPTC«aoJ?Sc7)5 0 
X£lB*.6't$'Cti&». &£«^03£JB&ffi%*<P 

[0027] 44HrCti. PTCtt&tfB* . ««£ 
i: i 2 0-Cfc\->$§Jg.Tmj8.-th Z b iz J: oTfl^ 0 ffi 

msi-t h z t zpf-ta. mm Ltimm&&Ft-? b y y 
9 ^M^iVcimwth z t twmiztc & . $ 

z¥rrztizi>%->x. vbv <y?x#ftwmtfj%im 

fm^mmm&tm^n^ iz± t & . 
[oo2s] l*#ot. m— «o*m zmmmki-iz 
mm-r&tzwi. m-s-ttmofimz. mm^m^m 



[0029] mmb%m&wnms®m.Z'>% < b t 

90%. X>)#£L<l£'J>%<bi>9 5%lz-*&tztb, 

p t c«-&#fH;i-H}-fc:;sv ^-c-Hi-^ia. &ss$ 

&m%M$imfci)m t )mi*ix.&3:ft-Vl*Zcr)P 

itoh y -y7^oaT#i|^MaSfi»^tr4« 
x+osusii?? -y ?^*ro*i»< , 3uui'fc««>T' 

[0030] «£itfcgS:g[ffl-*-£ t#cit 

fc -eoTo p tc t&ofST&n ztteimfct «. . 

[0031] £^&baagttt#&s%flE«a ptc 
* 1 M^Lv%. iwia^^ ££Biryv-£, 7iy 

Mnifl/y, sJfU'r-f-UyTrV'^^W— h. iffy 7 

z-u^;y7^\ *yr$F4Sh\ ^y-YSK* 
k'<o^^rsittiajig*>/i, mm-th z t & . ztit>co 

-7b y y rxzmtLVJ 
tikk%*kh<o\,zikSLr>. -+r y v-<-x co p t c «pj i 

y ( mt y > ^ss?^-^ ; t 

[0032] Z y v-{± % a^««^^flcfi|{c^ 
LT5~-4 0fls®%Sni.S^rS>&. 5«cifi|%*g|<7) 

5Ky-7-t^!Rtts-^.iSSj)S{i5r<. 4o#a%^i 
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[00 3 3] ffl^H-'ti' hSflifiMtSi 1 1 

ij v-»m^< zmm-r h z t s ± 3 tc&s . 
wa^^fiK^iin^ 2 o ccgob y -/r^iass- 

[0034] wra^u-^-WJ^+tii^u^-^ 
tx k^flBStttrnK^fc-y-s c t . v u 

[00353 mz. 4^<BP TC«g*!fl&&j£-f 

[0036] KBOtiftMaft ( H Atf ? 'J X W<9-f 
bffiS i Oj ) tf, vb y y ^xss^twapfES-fr 

sctt-e^su afcJiPTca^HffcTjMjs+fc-? 
v *rr)VA y &g i fcttT/V* y ±s&E«o#3ET-e5 

bfflS i 0 2 £il5£tf-y b • S/Mtn? 
4 b S i OzSfcfcHfS . -v b y -y 9X<r>&5tW&b L 

xttkzmm-t&i$r£iz\i. ^Em*mm;#'y b ■ 5 

/V«t»T»»LT. 0. 5~2Atm0 3 F^fagSr^-fS5 

[0037] Kflti. m&toznhtub. jkhosui 
^ttjcjEt-Tssifctaesw^-^ ■ s/b+rs-s-r 

r;w*y^R*fe«r^*yi^iS*w 
«os^fet=aara lt . ftftsit>pe£X#t? y * b a? 

[0038] w^tuta^^rv^jRjgt 

[0039] %(Ctt«fle»flBSS«« . WzrisAtfL 
BVt:t£lf<0f8MMi. #K-ftWS?HSa+T l 100- 

15 0 0T\ 1^5^i?>mmiyiiE.-TUX.fmiZi)>n 
ZZtW&tL^. &*E.yuxf8MLtzf$3&mt. ft 
BKttt#ffl5tt'l 2 0 0—1 800*C-C1~5^, # 

■rs^ffi<offi<oi¥fflti. *fflo^«maj»^o9/o 

3 5 074^lCiiJ-O>S. 



[0040] 5fc(=l£r t-Tt^ro-t^-cfiEffl-rs^ 
fctt. ^44Himtttt?*ttJ8-*-«2:&£tt* N,, 

[0041] ^tw^sititisircti^v^, mm 

iaarc. ^^v^tJi^^rft^Kii-ra^myv^ 
[0042] ^sioffis^^^ . m&ax<mm>jt 

isl -»<ryv^s*ac***ft. sstfl-ffii, -7 7-c 

~-2 0Xxr>&!&l,zmf?&Z£t>WZ U\ 
[0043] ffHBMW««3Ug«ar< t i> 0 . 01 

V>. dCOS^O. 0 ltim%ffi<r)t£1,Z\±PTCy!&C7> 
[0044] 

[«60l] (SQ6CT1 ) $*?^5r^««SrffifflL 
LX&bilhPTC&WzmmftZB&Zit 

tz. -e^-ettoft^koT^gs^iic^-r. ^nc^ 
u^^©g^^< mwrn^m^ziiS^WL^ 

SrfiOTU^. 53S»5l5{ ;s I I ^g4 5^a^) $-, 0. 
5*;u%fiOT;ws^5(5 (f«[g2S^Dy) «J:V 
0. 4*;l'%^NaHC0 3 i:f:fclC^-;l'- 

tt. 14 5 ox:t8^^lt. r 

■ ^-b*$r. 140 o°cco4m<mnm^ (*^> + 

[0045] <x^x\ -enmco^^i&snx LT , 

-ymttemLxmsmmtoJiimissmmzmkL 

[0046] § -ett-eiio^iwvr^Sr h y 
•y r*t^.tc^ s ^n-^ito b y >y 
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V>T)U% 3 OX: t 2 5 0*Ceo|g<08fMM fMzfrfth 

itci^T^su m§jm&<nm±W2oo%zn 

[0 0 4 7] hfflA J P0 4 £<5&8L 

^-il^^MfiffU'CJiai^BiFiBS^S: 1 2 2 0XTC5 



h 'j y?-r bias i Oznwsizimz* 

l5ig«WSr 14 00-CT8^l5HR«L7t. HJS091-1 
[0048] 





«£PTCtm<D«tJ« 


ffiSi*. Qcm 


v *T V /USX 


- 




<D¥«Stfcff 


"7 K U V 


30^C 






1-1 


MoSi 2 


1 urn 


SI0 2 (Cr) 


62.5 


8.03E+01 


>1000 


1-2 


MoSl z 


5 |im 


SiO, (Cr) 


0.82 
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